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(57) ABSTRACT 

The present invention involves a charge pump including an 
input node coupled to receive an input voltage from a poWer 
voltage source and an oscillator unit generates a periodic 

enable regulator signal and a periodic reset signal. A regu 
lator clock unit is coupled to the oscillator unit generating a 

precharge (PC) signal and a reset regulator signal in 
response to the enable regulator signal. A pump clock unit 
receives a master clock signal and generating a plurality of 

pump clock signals. A charge pump unit is coupled to the 
input node and is operatively controlled by the plurality of 
pump clock signals, and coupled to the an output terminal 
coupled to produce an output signal (VPUMP). A regulator 
unit is coupled to receive the VPUMP signal, the PC signal, 
the reference signal and the enable regulator signal, Where 
the regulator unit is responsive to the enable regulator signal 
to operate in either a precharge mode or a regulation mode. 
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DYNAMIC REGULATION SCHEME FOR 
HIGH SPEED CHARGE PUMPS 

This application is a provisional of 60/118,724 ?led Feb. 
5, 1999. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates, in general, to integrated 
circuits and, more particularly, to integrated circuits having 
charge pump circuits generating a poWer supply voltage 
from an external poWer supply voltage. 

2. Relevant Background 
Electronic systems usually comprise ICs manufactured 

With a variety of technologies. This has created a need for 
multiple poWer supply voltages to be supplied on a single 
printed circuit board to support the various types of devices 
on that board. Standard IC voltages required by typical 
devices range from 5.0 volts to 3.3 volts, or loWer voltage. 
HoWever, there are a number of devices that require poWer 
at voltages in addition to the standard available voltages. 
These include data communications circuits that often 
require negative voltages, and interface circuitry such an the 
RS232 interface that speci?es voltages ranging from 
+/—25V. Moreover, some ICs have different voltage require 
ments internally although they receive poWer from an indus 
try standard poWer supply level. Being able to generate a 
range of voltage levels, including negative voltages and 
voltages larger in magnitude that the supplied voltage pro 
vides a great deal of ?exibility to the circuit designer. Also, 
higher voltage levels often enable faster sWitching for better 
performance. 

Apractical solution to this disparity is to provide DC/DC 
converter circuitry that changes an input DC voltage into a 
higher or loWer DC voltage required by another device. A 
negative charge pump operates to generate a negative volt 
age by charging a pump capacitor during a ?rst half-cycle of 
a clock to the level of a source voltage. During a second 
half-cycle the pump capacitor is disconnected from the 
source and coupled, With its polarity sWitched, to a reservoir 
capacitor, thereby pumping charge to the reservoir capacitor 
and providing an output that is approximately the negative 
of the input voltage. 

Apositive charge pump may also operate to generate a 
higher voltage than the supply voltage (i.e., a “step-up” 
converter) by coupling the pump capacitor to the source 
voltage during the ?rst half-cycle. During the second half 
cycle, the pump capacitor’s positive terminal is discon 
nected from the source voltage and the capacitors negative 
terminal is coupled to the source voltage in its place. The 
pump capacitor’s positive terminal is then coupled to the 
reservoir capacitor to charge it to approximately tWice the 
source voltage. 

Larger high output charge pumps usually run at loWer 
frequencies and therefore are not optimiZed for siZe. The 
siZe of a large, loW frequency charge pump may be a limiting 
factor in obtaining the smallest IC chips as possible. It is 
desirable to make on-chip charge pumps as small as possible 
especially When the charge pumps occupy a signi?cant area 
of the chip. For a target output current, the smaller the siZe 
of the charge pump, the higher proportionately the operating 
frequency must be. Typically, for high-current-output (e.g., 
greater than 5—10 milliamp) charge pumps, the operating 
frequency of the pump is dictated by the peak operating 
current and the rate of change in operating current (di/dt), as 
Well as the siZe of driver and support circuitry. 
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2 
One problem With a higher frequency charge pump is that 

regulation of the output voltage level becomes harder since 
it might take multiple cycles to turn on and off the charge 
pump Which Would result in an unWanted hysteresis. A 
charge pump Whose output capacity per pump cycle is large 
relative to the load it is driving could change the voltage on 
the load an appreciable amount. In this case, Waiting mul 
tiple pump cycles after a regulation point is reached to turn 
on or off the charge pump is not acceptable. 

To remedy this problem, high speed and high poWer 
regulation methods utiliZing direct current (d.c.) differential 
ampli?ers are used. In this solution, a small portion of time 
at the beginning of a pump cycle is used to sense Whether the 
voltage on the load is at or beloW a reference level. If the 
voltage is beloW, then a pump is initiated. If the voltage is 
above, then no pump occurs. With the operating frequency 
approaching 30 MhZ (33ns period), less than about 20% of 
each clock cycle (i.e., 7 ns) could be devoted to regulation. 
Although a fast regulation scheme can be accomplished, a 
large portion of the total allotted charge pump current is used 
for regulation in this circumstance. When using a high speed 
d.c. differential regulation scheme, poWer consumption is a 
problem. 

If a high frequency charge pump is implemented in an IC 
that uses an active and standby mode, operation can become 
more complex. Even if poWer consumption during the active 
mode can be tolerated, poWer consumption by the charge 
pump might still be a problem during standby mode. Typi 
cally the standby mode requires much loWer poWer con 
sumption yet the charge pump must be operational at least 
some of the time. To conserve poWer, Which is the purpose 
of the stand-by mode, it is desirable to turn off high poWered 
regulation circuitry When not in use. While still in standby 
mode, the high poWered regulation circuitry must be turned 
on and stabiliZed before entering a pump cycle requiring 
more complicated control and timing circuitry. This stabili 
Zation time consumes poWer and quite possibly increase the 
current consumption speci?cation during standby. 

Another method to decrease the current consumption 
during standby, is to totally shut-off the high poWered 
regulator and instead use a very loW poWer regulator that is 
alWays on. This method requires critical circuitry to ensure 
that multiple or partial pumps do not occur since the loW 
poWer regulator takes some time for decisions to be made. 
In another variant, a loW poWer, loW output current pump is 
operational during standby mode so that a sloW turn on or off 
Would only produce a small hysteresis on the output voltage. 
These prior solutions all require more circuitry and compli 
cated control logic. 

SUMMARY OF THE INVENTION 

The present invention involves a dynamic regulation 
system that is both loW poWer and high speed. The regulator 
in accordance With the present invention compares a refer 
ence voltage against an input-signal and has small devices 
that are clocked such that internal regulator quickly nodes 
transition to the poWer rail voltages. Once the internal nodes 
are at the poWer rail voltages, little poWer is consumed. In 
accordance With the present invention, loading from subse 
quent circuitry is kept to a minimum so that small devices 
can be used to implement the internal regulator circuitry. 
Smaller devices enable the regulator in accordance With the 
present invention to be faster and consume less poWer. 
Thought the present embodiment relates to positive charge 
pumps, all techniques discussed can be applied to negative 
charge pumps. 
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Brie?y stated the present invention involves a charge 
pump including an input node coupled to receive an input 
voltage from a poWer voltage source and an oscillator unit 
generates a periodic enable regulator signal and a periodic 
reset signal. A regulator clock unit is coupled to the oscil 
lator unit generating a precharge (PC) signal and a reset 
regulator signal in response to the enable regulator signal. A 
pump clock unit receives a master clock signal and gener 
ating a plurality of pump clock signals. A charge pump unit 
is coupled to the input node and is operatively controlled by 
the plurality of pump clock signals, and coupled to an output 
terminal coupled to produce an output signal (VPUMP). A 
regulator unit is coupled to receive the VPUMP signal, the PC 
signal, a reference signal and the enable regulator signal, 
Where the regulator unit is responsive to the enable regulator 
signal to operate in either a precharge mode or a regulation 
mode. 

In another aspect, the present invention involves a method 
of charge pump regulation in Which a dynamic regulator is 
disabled in a precharged or “ready to ?re” state. In this 
standby state, the dynamic regulator is shut doWn consum 
ing essentially Zero poWer. The internal nodes of the regu 
lator are decoupled from the poWer supplies such that no 
poWer is consumed, but left connected to a reference voltage 
and an input signal. Before transition from the standby state 
to an enabled state, internal nodes of the dynamic regulator 
are already at a differential precharged level to avoid latency 
penalty required to sleW the internal nodes to proper levels. 
Immediately after transition to the enable state, the dynamic 
regulator is clocked With no loss of time. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 illustrates a portion of the present invention in 
block diagram form; 

FIG. 2 a regulator unit of the system shoWn in FIG. 1 in 
greater detail in mixed block diagram/schematic form; 

FIG. 3 shoWs the deglitch and MCLK latch portion of the 
regulator unit of FIG. 2 in greater detail in schematic form; 

FIG. 4 illustrates exemplary Waveforms describing the 
operation of the circuit shoWn in FIG. 1 and FIG. 2; and 

FIG. 5; illustrates other exemplary Waveforms describing 
the operation of the circuit shoWn in FIG. 1 and FIG. 2. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

FIG. 1 illustrates in block diagram form a voltage up 
converter in accordance With the present invention. Elec 
tronic systems are usefully represented as an interacting 
collection of functional units as shoWn in FIG. 1. Oscillator 
102 is enabled by an externally generated ENABLE signal. 
Oscillator 102 outputs an enable regulator (ENREG) signal 
that is coupled to regulator clocks unit 104 and regulator unit 
106. The ENREG signal is used by regulator clocks unit 104 
to derive a precharge (PC) signal and a reset regulator 
(RSTREG) signal that are coupled to regulator unit 106. 

Regulator clocks unit 104 operates such that When the 
ENREG signal is loW (i.e., a disabled state), the PC signal 
from regulator clocks unit 104 is high to precharge dynamic 
regulator unit 106 as discussed in greater detail hereinbeloW. 
The ENREG signal is also used in regulator unit 106 to 
isolate the regulator unit 106 from highly sensitive reference 
voltage (VREF) and signal voltage (VPUMP) nodes so that 
these sensitive nodes are not electrically disturbed during the 
ampli?cation and latching process. In response to (or in 
synchroniZation With) the PC signal transition to a high state 
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4 
to precharge regulator unit 106 for the next cycle, the reset 
regulator signal (RSTREG) generated by regulator clocks 
unit 104 is pulsed loW to reset the regulator unit 106. 

After ENREG transitions to a high state (i.e., an enabled 
state) and on all subsequent cycles so long as the charge 
pump is enabled, regulator clocks unit 104 is operative to 
cause the PC signal to rapidly pulse loW (as shoWn in FIG. 
4) to shutoff the precharge and “clock” regulator unit 106. 
“Clocking” regulator unit 106 means to amplify and latch 
the difference betWeen the VREF and VPUMP inputs of the 
dynamic regulator. The latched difference signal is pro 
cessed (as described in greater detail With reference to FIG. 
2) to generate the master clock (MCLK) signal. The MCLK 
signal is used by pump clocks unit 108 to generate all 
necessary clocks to drive charge pump unit 110. Detailed 
understanding of the operation and implementation of pump 
clocks circuit 108 and charge pump circuit 110 is not 
necessary to understand the present invention. Accordingly 
these details are not provided so as to ease illustration and 
understanding of the present invention. 

FIG. 2 shoWs regulator unit 106 including a dynamic 
regulator circuit 200 in accordance With the present inven 
tion in greater detail in a mixed schematic/block diagram 
form. One of the inputs to dynamic regulator 200 can be the 
pumped output VPUMP itself. More typically, a voltage 
divided version of VPUMP produced by divider unit 202 is 
used. The VREF input to dynamic regulator 200 comprises a 
reference voltage generated by reference unit 204 against 
Which VPUMP is compared. In the example of FIG. 2, VPUMP 
is divided doWn by divider unit 202 and operated near the 
positive poWer supply voltage of regulator unit 106. In this 
manner, the VREF may be provided by the positive supply 
voltage itself, avoiding the need for additional reference 
voltage generator circuitry. 

It should be understood that VREF does not have to be at 
the positive poWer supply, hoWever, and the particular 
examples herein are readily adapted to other reference 
voltage techniques. For example, complementary circuitry is 
readily available such that VREF and VPUMP operate at or 
near a negative poWer supply to regulator unit 106. Other 
circuitry is available such that the inputs operate at a selected 
level betWeen the positive and negative supplies. These and 
similar alternatives are equivalent to the speci?c examples 
given herein. 

Regulator unit 106 operates to generate an MCLK signal 
When the divided level of VPUMP is less than VREF, signaling 
that VPUMP is loWer than the desired voltage. If VPUMP is at 
an adequate level (i.e., higher than VREF), no MCLK is 
generated. Dynamic regulator 200 comprises a pair of cross 
coupled inverters forming a latch 212 coupled to a load 228 
at node 214. Nodes 216 and 218 form inverting and non 
inverting outputs of latch 212. Load 228 comprises an 
resistor-capacitor (RC) circuit that is readily implemented 
using conventional passive or active devices. 

Regulator unit 106 includes a poWer supply source node 
that is coupled to the VCC poWer source, or another available 
external poWer source. Node 214 serves as a poWer supply 
return node that completes a current ?oW path from the VCC 
poWer source, through regulator unit 106, to ground (or any 
available return current path to the VCC poWer source). Load 
228 coupled to return node 214 prevents node 214 from 
?oating, but provides suf?cient impedance that the voltage 
on node 214 can be controlled using precharge device 222 
and clock devices 226 and 234. Manipulation of the voltage 
on node 214 enables latch 212 to be operated in a sense 
mode With node 214 held at a voltage suf?ciently near VCC 
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to disable latch 212, and a latch mode in Which node 214 is 
held to ground thereby enabling latch 212. 
Dynamic regulator 200 further comprises precharge 

device 222 and clocking devices 226 and 234. Precharge 
device 222 is controlled by the PC signal from regulator 
clocks unit 104 (shoWn in FIG. 1). SWitches 207 and 209 are 
responsive to the RSTREG signal to precharge output nodes 
216 and 218, respectively, to VCC. Desirably, output nodes 
216 and 218 can be controllably decoupled or isolated from 
VPUMP and VREF by sWitches 206 and 208, respectively. 
SWitches 206 and 208 are controlled by the ENREG signal 
discussed hereinbefore. 

The PC signal is coupled through inverter 224 to generate 
a sense (SEN) signal that controls clocking device 226. The 
SEN signal is coupled through a ?rst delay unit 232 to 
generate a SET signal that controls clocking device 234. 
Delay unit 232 is conveniently implemented as tWo series 
coupled inverters to provide a tWo gate delay time difference 
betWeen the SEN and SET signals, hoWever, any available 
delay technology may be used to implement delay 232. The 
SET signal is coupled through a second delay unit 236 to 
generate a latch (LAT) signal to deglitch unit 242. 
As shoWn in FIG. 2, inverting output 216 and non 

inverting output 218 of latch 212 are coupled to deglitching 
unit 242. The deglitched signal from deglitching unit 242 is 
coupled to a set input of output latch 244 that generates a 
master clock signal (MCLK). Latch 244 can be reset by 
application of the external RSTMCLKB signal to a reset 
input of latch 244. 

In a particular example, ENREG operates at approxi 
mately 30 MhZ With close to 50% duty cycle as shoWn in 
FIG. 4. In operation, While the ENREG signal is loW (steady 
state), the PC signal is high and SEN, SET and LAT (shoWn 
in FIG. 5) are loW. Also a short time after ENREG is loW, 
RSTMCLKB is pulsed loW, and a short time after PC is high, 
RSTREGB has pulsed loW and returns to high. The combi 
nation of these signals being in the above states places 
regulator unit 106 in precharge mode. Regulator unit 106 is 
in the precharge mode during standby and during the loW 
time of the cycling ENREG. With ENREG loW, the divided 
VPUMP signal shoWn in FIG. 4 is coupled to latch 212 
through device 206 and reference input VREF is coupled to 
latch 212 through device 208. Since the RSTREGB signal 
pulsed loW prior to this, both node 216 and node 218 are 
precharged to substantially VCC. The high PC signal turns 
precharge device 222 on and clock devices 226 and 234 
remain off. 

Precharge device 222 is desirably provided by a 
minimum-length n-channel transistor. In this state, node 214 
settles to a voltage substantially equal to a minimum length 
n-channel threshold drop beloW VCC. This voltage on node 
214 turns off the inverters (shoWn in FIG. 2) Within latch 
212. In a particular implementation, the inverters in latch 
212 are implemented With non-minimum length transistors 
such that When node 216 and node 218 are near VCC, the 
inverters in latch 212 are off (i.e., not conducting current). 
Node 216 and node 218 are thus isolated from VCC and node 
214 and the only in?uence that nodes 216 and node 218 see 
is through devices 206 and 208 to the inputs. 

FIG. 3 illustrates a preferred implementation of deglitch 
unit 242 and latch 244 that provide loW standby poWer 
usage. As shoWn in FIG. 3, With node 216 and node 218 near 
VCC (i.e., the precharge state described above) node 302 is 
high and node 304 is loW. Both the loW on node 304 and the 
loW LAT signal turns off devices 306 and 310 so that no 
current path exist even though device 312 is on While 
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RSTMCLKB loW. The input to cross coupled inverters 314 
is thus high and the generated MCLK signal is loW. Hence, 
While regulator unit 106 is in the precharge mode no current 
path exist and dynamic regulator 200 is continuously sam 
pling the VPUMP (or the divided VPUMP) and the VREF inputs 
and ready for an immediate regulation When the PC signal 
goes loW. 

FIG. 5 shoWs tWo cycles, a ?rst cycle Without MCLK 
?ring and second cycle With MCLK ?ring. When the charge 
pump in accordance With the present invention is enabled, 
ENREG goes high to turn off devices 206 and 208 shoWn in 
FIG. 2. to hold the VPUMP(or the divided VPUMP) and the 
VREF input voltages on nodes 216 and 218. PC immediately 
pulses loW to turn off precharge device 222 and SEN goes 
high to turn on clock device 226. In a particular example, 
clock device 226 is small relative to clock device 234. 
Because node 214 is coupled to load 228, node 214 starts to 
sleW from a voltage equal to a minimum length N-channel 
threshold beloW VCC sloWly to ground. 

In a particular embodiment, clocking of the dynamic 
regulator 106 comprises tWo stages: a ?rst stage to sloWly 
amplify the difference betWeen the inputs and after a short 
delay, a second stage to quickly latch the regulator in a state 
re?ecting the state of the inputs. In one embodiment this tWo 
stage clocking happens directly Within regulator unit 106. 
During clocking, When a differential existing on node 216 
and node 218, node 214 sleWs loW and latch 212 Will start 
to steer the voltage on one of node 216 or node 218 loWer. 
Speci?cally, if node 216 starts out being loWer than node 
218, node 218 216 sleWs loW. Similarly, if node 218 starts 
out loWer than node 216, node 218 Will initially sleW loW. 
Eventually, latch 212 causes the initially higher node to sleW 
toWards VCC. With node 216 and node 218 noW going in 
opposite directions, the SET signal goes high a delay time 
after SEN and turns on relatively larger clock device 234 to 
cause output nodes 216 and 218 of latch 212 to sleW rapidly 
to their set values. The siZe difference betWeen clock device 
226 and clock device 234 provides the differential sleWing 
rate feature in accordance With the present invention. 
Nodes 216 and 218 can be characteriZed as both starting 

high With only one node going loW and the side that stays 
high glitches loW momentarily. The circuitry shoWn in FIG. 
3 implements deglitch unit 242 used to compensate for the 
momentary loW-going drop on either of nodes 216 and 218. 
As stated earlier, With both nodes 216 and 218 starting high, 
node 302 is high and 304 is loW. Also, inverter 316 Whose 
input is node 216 is provided With a very loW sWitch point 
(determined by means of relative transistor siZes) While 
inverter 318 has a sWitch point that is beloW VCC/2. If node 
216 is the side that goes loW, node 304 goes high, and node 
218 Will experience a loW glitch, but not loWer than Vac/2 
and so node 302 stays high. When LAT goes high a delay 
time after SET, the input to cross-coupled inverters 314 is 
pulled loW. MCLK then sets to enable clock signals gener 
ated pump clocks unit 108 (shoWn in FIG. 1) to ?re and drive 
charge pump 110. 

HoWever, if node 216 is the side that stays high but 
momentarily glitches loW but not loWer than the sWitch point 
of inverter 316, then node 304 stays loW. Node 218 goes loW 
and node 302 folloWs. When LAT goes high, both device 
306 and device 308 are off and the input to inverters 314 
remains high, preventing generation of the MCLK signal. It 
should be noted that in the event that 216 and 218 starts out 
equal to each other, nodes 216 and 218 could both glitch 
very loW past the sWitch points of inverter 318 ?rst and 
possibly inverter 316 second. The preference of the deglitch 
circuit is to not generate MCLK and so under the condition 
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of both nodes 216 and 218 glitching loW, inverter 318 Would 
?rst cause node 302 to go loW before inverter 316 possibly 
causing node 304 to go high. The condition of node 302 loW 
and possibly node 304 high does not generate an MCLK 
pulse. At some point dynamic regulator 200 must make a 
decision and either node 216 or node 218 must go back high. 
If node 216 goes back high, node 304 goes loW and no 
MCLK pulse results When LAT, but if node 218 goes back 
high, node 302 returns to a high With node 304 already high 
to generate a full MCLK pulse. With this deglitch scheme no 
material MCLK pulses are generated. 

In the particular example, after ENREG goes high to 
enable regulation to start, MCLK can ?re Within approXi 
mately 7 ns. Hence, not only is the apparatus and method in 
accordance With the present invention efficient With loW 
standby poWer use, it is fast. Moreover, the preferred imple 
mentation uses small devices that sWitch quickly, and once 
node 216 and 218 have transitioned to the poWer supply 
levels, substantially no poWer is consumed. Hence, the 
regulator in accordance With the present invention is ef? 
cient When active and When sWitching from standby to 
active also. 

Although the invention has been described and illustrated 
With a certain degree of particularity, it is understood that the 
present disclosure has been made only by Way of eXample, 
and that numerous changes in the combination and arrange 
ment of parts can be resorted to by those skilled in the art 
Without departing from the spirit and scope of the invention, 
as hereinafter claimed. 

I claim: 
1. A charge pump comprising: 
an input node coupled to receive an input voltage from a 
poWer voltage source; 

an oscillator unit generating a periodic enable regulator 
signal and a periodic reset signal; 

a regulator clock unit coupled to the oscillator unit 
generating a precharge (PC) signal and a reset regulator 
signal in response to the enable regulator signal; 

a pump clock unit receiving a master clock signal and 
generating a plurality of pump clock signals; 

a charge pump unit coupled to the input node and opera 
tively controlled by the plurality of pump clock signals, 
and coupled to an output terminal coupled to produce 
an output signal (VPUMP); 

a reference unit generating a reference signal; and 
a regulator unit coupled to use poWer provided by a poWer 

supply and coupled to receive the VPUMP signal, the 
PC signal, the reference signal and the enable regulator 
signal, the regulator unit responsive to the enable 
regulator signal to operate in either a precharge mode 
in Which poWer use is substantially reduced While the 
regulator unit is continuously sampling the VPUMP 
signal, or a regulation mode in Which the regulator unit 
uses poWer While generating the master clock signal. 

2. The charge pump of claim 1 Wherein the regulator unit 
is responsive to the PC signal during the precharge mode to 
precharge internal regulator nodes. 

3. The charge pump of claim 1 Wherein the regulator unit 
is further responsive to the comparative magnitude of the 
reference signal and the VPUMP signal to generate the master 
clock signal. 

4. The charge pump of claim 1 further comprising a ?rst 
isolation sWitch coupled betWeen the VPUMP signal and the 
regulator unit to selectively isolate the regulator unit from 
the VPUMP signal in response to the enable regulator signal. 

5. The charge pump of claim 3 further comprising a 
second isolation sWitch coupled betWeen the reference sig 
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nal and the regulator unit to selectively isolate the regulator 
unit from the reference signal in response to the enable 
regulator signal. 

6. The charge pump of claim 1 Wherein the PC signal 
changes state to precharge the internal regulator nodes after 
the enable regulator signal changes state to initiate the 
precharge mode. 

7. The charge pump of claim 1 Wherein the regulator unit 
is further responsive to the reset regulator signal during the 
precharge mode to the internal regulator nodes to a voltage 
source having a magnitude approximately equal to the 
reference signal. 

8. A charge pump comprising: 
an input node coupled to receive an input voltage from a 
poWer voltage source; 

an oscillator unit generating a periodic enable regulator 
signal and a periodic reset signal; 

a regulator clock unit coupled to the oscillator unit 
generating a precharge (PC) signal and a reset regulator 
signal in response to the enable regulator signal; 

a pump clock unit receiving a master clock signal and 
generating a plurality of pump clock signals; 

a charge pump unit coupled to the input node and opera 
tively controlled by the plurality of pump clock signals, 
and coupled to an output terminal coupled to produce 
an output signal (VPUMP); 

a reference unit generating a reference signal; and 
a regulator unit coupled to receive the VPUMP signal, the 
PC signal, the reference signal and the enable regulator 
signal, the regulator unit responsive to the enable 
regulator signal to operate in either a precharge mode 
or a regulation mode, Wherein the regulator unit further 
comprises: 
a poWer supply source node coupled to an eXternal 
poWer source voltage; 

a poWer supply return node; 
a ?rst sWitch operatively controlled by the PC signal to 

couple the poWer supply return node to voltage 
substantially equal to the external poWer source 
voltage; and 

a second sWitch operatively controlled by the PC signal 
to couple the poWer supply return node to ground. 

9. The charge pump of claim 8 further comprising: 
a delay unit coupled to receive the PC signal and generate 

a delayed PC signal; and 
a third sWitch operatively controlled by the delayed PC 

signal coupling the poWer supply return node to 
ground. 

10. The charge pump of claim 9 Wherein the third sWitch 
is larger than the second sWitch. 

11. A dynamic regulator generating a clock pulse for use 
in a charge pump unit, the dynamic regulator comprising: 

a ?rst input node coupled to an output node of the charge 
Pump; 

a second input node coupled to a reference signal; 
a latch having a ?rst supply node coupled to a voltage 

source, a second supply node, a ?rst signal node 
coupled to the ?rst input node, and a second signal node 
coupled to the second input node; 

a load coupling the second supply node to ground, the 
load having a characteristic time constant; and 

a precharge unit coupled to the second supply node and 
receiving a precharge control signal, the precharge unit 
selectively coupling the second supply node to a return 
node of the voltage source. 
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12. The dynamic regulator of claim 11 wherein the 
precharge unit further comprises a ?rst sWitch responsive to 
the precharge control signal and coupled to selectively 
couple the second supply node to a voltage selected to 
prevent the latch from latching. 

13. The dynamic regulator of claim 11 Wherein the 
precharge unit further comprises a ?rst sWitch operatively 
controlled by the precharge control signal and having a ?rst 
current carrying node coupled to the voltage source and a 
second current carrying node coupled to the second supply 
node. 

14. The dynamic regulator of claim 11 Wherein the 
precharge unit further comprising: 

a ?rst sWitch operatively controlled by the precharge 
control signal to couple second supply node to ground; 

a delay unit coupled to receive the precharge signal and 
generate a delayed precharge signal; 

a second sWitch operatively controlled by the delayed 
precharge control signal to couple second supply node 
to ground. 

15. The dynamic regulator of claim 14 Wherein the second 
sWitch has loWer on-resistance than the ?rst sWitch. 

16. The dynamic regulator of claim 11 further comprising 
a ?rst isolation sWitch coupled betWeen the ?rst input node 
and ?rst signal node to selectively isolate the latch from the 
?rst input node, the ?rst isolation sWitch being operatively 
controlled by an external enable regulator signal. 

17. The charge pump of claim 16 further comprising a 
second isolation sWitch coupled betWeen the second input 
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node and the second signal node to selectively isolate the 
latch from the second input node, the second isolation sWitch 
being operatively controlled by the external enable regulator 
signal. 

18. A method for generating a clock signal for use in a 
charge pump device, the method comprising the steps of: 

providing a regulator coupled to sense a reference voltage, 
a charge pump output voltage, and a periodic enable 
signal; 

placing the regulator in a precharge state; 
precharging internal nodes of the regulator during the 

precharge state; 
placing the regulator in a standby state; 
decoupling the internal nodes of the regulator from poWer 

supplies during the standby state such that the regulator 
consumes substantially reduced poWer; 

coupling the internal nodes of the regulator to the refer 
ence voltage and the charge pump output voltage 
during the standby state; 

placing the regulator in an enabled state in Which the 
internal nodes of the regulator are coupled to be driven 
by the poWer supplies; and 

immediately after transition to the enable state, clocking 
the dynamic regulator to produce the clock signal. 

* * * * * 


